A very important characteristic of geosynthetic materials, besides the breaking force and deformation, is the puncture strength of geotextiles. Considering that the purpose of installation geosynthetic materials and inter alia to stabilize and strengthen the soil in which they are installed, it is necessary that they have a high puncture strength in order to fulfill its function. Geotextile materials suffer a great burden and at the installation process, in contact with smaller and larger sharp rocks, and if they have poor puncture resistance they may be damaged. In addition to stabilizing the soil in which they are installed, geotextile materials are used for the protection of geomembranes from puncturing or as an obstacle to sharp materials that are used in a construction to damage geomembrane. For this purpose it is necessary to withstand a lot of pressure on their surface, and to prevent the contact of the sharp material with the geomembrane. This paper presents the analyzed samples of nonwoven geotextile materials made from regular polyester, recycled polyester and polypropylene fibers. Based on the obtained values, it is possible to create an image of the values of the forces that these materials can be submitted to, as well as the differences between geotextiles produced from regular and recycled polyester and polypropylene.
Introduction
The use of geosynthetic in construction proved to be the solution that saves money and significantly improves the properties of the building in relation to classical techniques of the construction of certain types of objects, as well as soil stabilization and the road construction. The installation of geotextiles is performed under difficult conditions and the damage to geotextile comes in its installation so, after the installation in the soil, it must have a big resistance to damage i.e. it must keep all their properties (separation, filtration, drainage, stabilization, protection). It was also found that a significant influence on the resistance to penetration of geotextiles (CBR) has a density of the surface material and the material thickness. The parameters that influence the effectiveness of the protective function of sharp parts are the thickness of the geotextile which is laid, its surface mass and its resistance to penetration at large pressure forces.
There are two commonly used types penetration tests for geotextile, a dynamic test (puncturing with coneCone drop test) and a static puncture test (puncturing with steel piston-CBR). According to the manual for the design of roads in Serbia in 2012 [1] , for the accepted class material for installation, geosynthetic -in addition to the value of breaking force, accompanying stretching and energy absorption, a geotextile material mustmeet the criteria in terms of resistance to static and / or dynamic puncturing. The puncture resistance must be determined by the procedure of a dynamic penetration test (Cone drop test) according to the SRPS EN ISO 13433:2009 [2] .
The diameter of Od openings which make a cone in geotextile can be:
-for the installation material А: Оd < 35mm, -for the installation material B: Оd < 30mm, -for the installation material C: Оd < 25mm [1] . This test involves the measuring of the effect of the mass of the cone which fell on geotextiles.
This test allows the comparative classification of different products, but there is no quantified measuring of their strength [3] .
With this test, it is possible to estimate the mechanical resistance of geotextiles to the impacts of stone aggregates during the phase of filling the position. The standard prescribed for this type of testing [2] defines the steel cone weighing 1000 g falling vertical to the sample of geotextile from the height of 500 mm, fixed between the two rings with the inner diameter of 150 mm. At the end of the testing, the diameter of the hole in geotextiles samples is measured by using a graduated steel cone ( Figure 1 The smaller the diameter of the hole after puncturing, the greater is the resistance of geotextile on the damage. The puncturing test (CBR) simulates the pressure of large pieces of stone and aggregates that are imprinted into the geotextile which is laid on a soft sub-base. This method is standardized worldwide and it determines the resistance to geotextile puncture by penetrating the steel cylinder with a diameter of 50 mm through the 150 mm sample diameter, until the value of the force of penetration in Newtons is determined. The known values of CBR test can help in predicting the behavior of geotextiles on endurance under the concentrated load and its slow punching.
Selecting the right penetration test depends mainly on the structure of the material to be used during the installation, so it is necessary to choose the appropriate test suitable for determining the penetration force to simulate the behavior of geotextile during the installation. Each test has its own value for a specific situation. CBR penetration test provides an indication of capacity and durability of geotextiles at slow puncturing. It allows the selection of one geotextile with sufficient robustness to minimize the damage and to ensure proper installation characteristics required during the life of the product [4] . The value of the penetration force is greatly influenced by manufacturing parameters such as the density of the material surface and the thickness of the material [5] .
Experimental
The tested geotextile materials are manufactured under industrial conditions from regular PES fiber, then from recycled PES fibers and PP fibers ( In examining the penetration force a steel piston diameter 50 ± 0.5 mm (Fig. 2 ) was used.
Testing was conducted on five representative samples. After conditioning the samples and their preparation, the sample is fixed to a steel ring, the load is adjusted to the 20 N and the testing begins with a continuous lowering of the piston of 50 ± 5 mm-min -1 until it passes vertically through the sample, when a required force to puncture the test sample is recorded. The mean value of five test samples was shown. Where is: h -displacement, in mm F-plunger force, in kN Fp-push-through force, in kN hp-push-through displacement, in mm
Results and discussion
Under the same production and technological conditions (Table 2) , the results (Table 3) show that the nonwoven geotextile material from regular PES fiber has better resistance to static punching than the geotextile formed from recycled PES fibers. It has also been shown that the geotextile material from polypropylene fibers has better values than the geotextile made from regular polyester fibers. This difference indicates that the quality of PP fibers largely defines the quality of the geotextile material.
In Figures 4,5,6 ,7 and 8, comparative overviews of punching forces of geotextiles material from regular PES A, recycled PES B and PP fiber are shown. It is evident that the geotextile of PP fibers shows the greatest resistance to penetration, while the lowest value recorded was for the geotextile manufactured from recycled polyester fibres. Certain values are up to three times greater for polypropylene geotextiles in relation to the recycled polyester. Geotextiles made from regular polyester fiber shows better values as compared to the recycled polyester but again significantly lower than for the geotextile made from polypropylene. In Figures from 9 to 11, comparative overviews of geotextile punching force for each fiber composition are presented, paying special attention to all surface masses from 150 to 500 gm -2 . Looking at Figures from 9 to 11 it can be concluded that with the increase of the surface mass in all the samples there is simultaneously an increase of the puncture force.
The results of the analysis of the punching force needled nonwoven geotextiles can be used for the selection of geotextile in accordance with the future purposes.
Conclusion
From the comparison of the results presented in this paper, it is clear that when larger construction reinforcement and insurance from geotextile penetration is needed, the geotextile made of PP fibers is recommended. It is also evident that with the selection of high values of the surface mass, a greater resistance to the punching force of geotextiles can be expected. The presented results can be helpful when it comes to choosing a specific surface weight of geotextiles as they clearly show the degree of the progressive growth in the puncture strength with increasing the surface mass.
By possessing the data for the values of the puncture force of geotextiles of various material composition and surface mass, the possibility of making good decisions when choosing a geotextiles is achieved. A proper selection of a geotextile material for a particular purpose multiple increases the service life and the quality of the construction itself and significantly reduces the cost of maintaining the structure.
